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C BY-NC-Abstract Objectives: To determine and describe tooth wear, enamel hypoplasia and traumatic
dental injuries (TDI) in cerebral palsy (CP) children of Riyadh city.
Methods: One hundred and forty non-institutionalized CP children (82 males and 58 females) were
examined in the dental clinic of the Disabled Children Association Center, Riyadh, for presence of
tooth wear, enamel hypoplasia and traumatic dental injuries.
Results: The children were divided into three age groups; the ﬁrst group (3–6 years) consisted of 41
children, second group (7–9 years) consisted of 52 children and third group (10–12 years) had 47
children. The prevalence of tooth wear was 9.3%, while enamel hypoplasia was found in 25% of
the children. Age and gender were not correlated to tooth wear or enamel hypoplasia in the exam-
ined CP children (p> 0.05). TDI were recorded in 12.1% of the children with a statistically signif-
icant difference between the ﬁrst age group and; the second and third age groups (p< 0.05). The
incidence of TDI was higher in older age groups with no statistically signiﬁcant difference between
males and females (p> 0.05).
Conclusions: About one in each 10 children examined had tooth wear, while one quarter of them
had enamel hypoplasia. Age and gender were not correlated to tooth wear or enamel hypoplasia.
More than one tenth of the examined CP children had TDI with higher incidence in older age
group.
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Cerebral palsy (CP) is a term used for a group of disorders
with non-progressive motor impairment that originate during
early stages of life as a result of damage to the brain (Steven-
son et al., 2006). It is considered the most common cause of
severe physical disability in children (Koman et al., 2004).
CP children have been shown to exhibit a high prevalence of
various oral diseases as compared to healthy children (Pope
and Curzon, 1991; Santos et al., 2003; Guare and Ciamponi,
2003). A high incidence of tooth wear (Pope and Curzon,
Table 1 Distribution of the sample by age and gender.
Age groups (years) Male Female Total
First (3–6) 24 (58.5%) 17 (41.5%) 41 (100%)
Second (7–9) 30 (57.7%) 22 (42.3%) 52 (100%)
Third (10–12) 28 (59.6%) 19 (40.4%) 47 (100%)
Total (3–12) 82 (58.6%) 58 (41.4%) 140 (100%)
Table 2 Distribution of sample by CP type.
Types Frequency (%)
Spastic 102 (72.8)
Athetosis 4 (2.9)
Ataxia 4 (2.9)
Hypotonia 4 (2.9)
Mixed 26 (18.5)
Total 140 (100)
2 N.S. Alhammad1991; Shaw et al., 1998; Su et al., 2003; Goncalves et al., 2008;
Du et al., 2010) and enamel hypoplasia (Wessels, 1960; Wyne
et al., 1996) has also been reported. The etiology of tooth wear
is multi-factorial (extrinsic and intrinsic). Extrinsic factors,
such as diet and para-functional activities play a signiﬁcant
role. However, intrinsic factors like gastroesophageal reﬂux
and other medical conditions such as oral motor disabilities
are also responsible for tooth surface loss (Shaw et al., 1998;
Su et al., 2003; Goncalves et al., 2008). Enamel hypoplasia
could be precipitated by hereditary, systemic, traumatic and
local factors (Dummett, 2005). The common developmental
enamel defects among special needs children could be attrib-
uted to the premature birth or severe early childhood diseases
(Du et al., 2010). Traumatic dental injuries (TDI) in CP indi-
viduals can result from mental retardation, poor motor coordi-
nation, inability to control abrupt body movements, presence
of involuntary physical movements, oral pathological reﬂexes
such as the biting reﬂex during feeding, spasticity in mastica-
tory muscles, or a slower response to surrounding obstacles
(Tsai, 2004; Holan et al., 2005; Santos and Souza, 2009). In
addition, an increased overjet is a predisposing factor for inju-
ries of maxillary incisors (Jarvinen, 1979; Naguyen et al., 1999;
Marcenes et al., 1999). Few studies exist describing the TDI
prevalence in CP individuals. Holan et al. (2005) found a high-
er TDI prevalence in CP individuals than that of healthy pop-
ulations, while Santos and Souza (2009) and Du et al. (2010)
reported similar prevalence.
In Saudi Arabia only one study has been conducted to
determine and describe tooth wear and enamel hypoplasia in
CP children (Wyne et al., 1996), while no study has been con-
ducted to describe the TDI in CP children. Describing and
determining the prevalence of tooth wear, enamel hypoplasia
and TDI in CP children will help in early diagnoses and ade-
quate management of these conditions. This will also help in
prevention of further complications such as dental tissue loss
and diminished vertical dimension as a result of enamel hypo-
plasia and tooth wear (Goncalves et al., 2008), or pulpal, peri-
odontal complications and impairment of esthetic, phonetic
and functional activities that could result from traumatic den-
tal injuries (Rocha and Cardoso, 2001).
The purpose of this study was to determine the prevalence
and describe the tooth wear, enamel hypoplasia and traumatic
dental injuries in CP children of Riyadh city.
2. Subjects and methods
The Ethical Committee of the Dental College Research Center
at King Saud University approved this study and a written in-
formed consent for participation was obtained from the adult
responsible for each child who participated in the study.
The study sample consisted of a group of CP children
attending rehabilitation treatment at the Disabled Children
Association Center in Riyadh, Saudi Arabia. All children were
examined clinically with a dental mirror and an explorer sitting
on a dental chair in the Disabled Children Association Center’s
Dental Clinic. Patients’ medical records were reviewed for
demographic and clinical data, including age, gender, CP type
and type of physical disability. One pediatric dentist performed
the oral examination and the ﬁndings were recorded on a spe-
cial form by a trained dental assistant. The tooth wear was as-
sessed based on the Tooth Wear Index of Smith and Knight(1984) which was simpliﬁed to examine the occlusal/incisal
wear only, while the enamel hypoplasia was recorded utilizing
a modiﬁcation of FDI DDE Index (1981) and categorized as
the following: generalized defects = enamel defects are present
in both anterior and posterior teeth; generalized discolor-
ation = enamel discoloration in both anterior and posterior
teeth without enamel defects; posterior = enamel defects
and/or discoloration in posterior teeth only; anterior = enam-
el defects and/or discoloration in anterior teeth only. TDI were
recorded according to Andreasen criteria (Andreasen and
Andreasen, 1994). The data included enamel fracture only, en-
amel and dentin fracture without pulp involvement, enamel
and dentin fracture with pulp involvement, discoloration due
to trauma, displacement due to trauma, tooth missing due to
trauma. In addition anterior teeth with labial enamel defects
which might have resulted due to trauma of primary teeth were
also recoded. The intra-examiner reproducibility was measured
by a blind re-examination of 15 random CP individuals partic-
ipating in the study (Kappa = 0.95). The data were entered
into a computer and the statistical computation was done uti-
lizing the Statistical Package for Social Science (SPSS-ver-
sion#16). Statistical signiﬁcance for the association between
the occurrence of tooth wear, enamel hypoplasia and trau-
matic dental injuries and sex and age was carried out using
the v2-test and Fisher’s exact test. A p-value of 60.05 was ac-
cepted as signiﬁcant.
3. Results
The study group consisted of 140 CP children ranging from 3
to 12 years (82 males and 58 females). For the purpose of the
analysis, children were divided into three age groups. The
distribution of children by age and gender are presented in
Table 1. A great majority (72.8%) of children was spastic
(Table 2), therefore, statistical analysis was not possible
according to CP type.
3.1. Tooth wear
Out of the 140 children examined, 13 (9.3%) were found to
have tooth wear. Only one child was found to have generalized
Table 4 Enamel hypoplasia among the three age groups.
Age groups (years) Present Not present Total
First (3–6) 14 (34.1%) 27 (65.9%) 41 (100%)
Second (7–9) 12 (23.1%) 40 (76.9%) 52 (100%)
Third (10–12) 9 (19.1%) 38 (80.9%) 47 (100%)
Total (3–12) 35 (25%) 105 (75%) 140 (100%)
Table 5 Type and distribution of enamel hypoplasia.
Enamel
hypoplasia
Primary
teeth
Permanent
teeth
Primary and
permanent
Total
Generalized defects 1 0 0 1 (2.9%)
Generalized
discoloration
9 4 5 18 (51.4%)
Posterior 9 2 0 11 (31.4%)
Anterior 1 4 0 5 (14.3%)
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children had localized tooth wear, of which 10 children had
posterior tooth wear including primary molars only (eight chil-
dren), or primary molars and canines (two children). The other
two children had anterior teeth wear involving incisors only
(one child) and incisors and canines (one child). In two of
the children occlusal wear was severe enough to expose dentin,
involving primary molars only in one child (8 years old) and
primary molars and canines of the other (10 years old). Males
were more affected n= 9 (11%) by tooth wear than females
n= 4 (6.9%), but the difference was not statistically signiﬁ-
cant (p= 0.413).
Out of the 13 CP children affected, eight children (5.7%)
belong to the second age group compared to four (2.9%)
and one (0.7%) in the ﬁrst and third age groups, respectively
(Table 3), with no statistically signiﬁcant difference between
the three groups (p= 0.076). Ten (76.9%) children had
spastic CP, two (15.4%) had mixed type and one (7.7%)
had hypotonic type.Total 20 10 5 35 (100%)
Table 6 Type and distribution of traumatic injuries.
Injury type Dentition Total
Primary Permanent
Enamel fracture 2 4 6 (21.4%)
Dentin fracture 2 11 13 (46.5%)
Pulp involvement 3 0 3 (10.7%)
Discoloration 3 0 3 (10.7%)
Displacement 0 0 0 (0%)
Missing 2 1 3 (10.7%)
Total 12 (42.9%) 16 (57.1%) 28 (100%)3.2. Enamel hypoplasia
Thirty-ﬁve (25%) of the examined CP children had enamel
hypoplasia. Nineteen (54.3%) had generalized type affecting
both anterior and posterior teeth, with one of them having
generalized enamel defects of primary teeth while the other
18 having generalized enamel discoloration only (white, yellow
or brown) of primary and/or permanent teeth, of which one
had one central incisor with enamel defect labially.
Eleven children (31.4%) had enamel hypoplasia in the pos-
terior teeth only, nine of those were affecting primary molars
and one affecting ﬁrst permanent molars as a diffused enamel
discoloration, while the other one affecting one of the ﬁrst pre-
molars as a buccal and occlusal enamel defect giving the
appearance of a Turner’s tooth. Five (14.3%) had enamel
hypoplasia in their anterior teeth only, of which two had one
of their upper central incisors affected by labial enamel defects,
while the other two had their upper and lower permanent inci-
sors affected by enamel discoloration with one of the central
incisors having labial enamel defects.
The remaining one had a lower primary central incisor af-
fected by enamel discoloration. Males were more affected by
enamel hypoplasia (25.6%) than females (24.1%), with no sta-
tistically signiﬁcant difference (p= 0.843). More children with
enamel hypoplasia n= 14 (34.1%) belong to the ﬁrst age
group, followed by the second age group n= 12 (23.1%), then
the third age group n= 9 (19.1%), with no statistically
signiﬁcant difference (p= 0.248) between the three age groups
(Tables 4 and 5). The majority of children were of spasticity
type (82.9%), while (11.4%) were of hypotonic type and
(5.7%) were of mixed type of CP.Table 3 Tooth wear among the three age groups.
Age groups (years) Present Not present Total
First (3–6) 4 (9.8%) 37 (90.2%) 41 (100%)
Second (7–9) 8 (13.4%) 44 (84.6%) 52 (100%)
Third (10–12) 1 (2.1%) 46 (97.9%) 47 (100%)
Total (3–12) 13 (9.3%) 127 (90.7%) 140 (100%)3.3. Traumatic dental injuries (TDI)
The prevalence of TDI was 12.1% affecting 28 teeth in 17 chil-
dren (range = 1–4), of which 12 (42.9%) were upper primary
incisors (9 centrals and 3 laterals) and 16 (57.1%) were perma-
nent incisors (13 centrals and 3 laterals), one in the lower arch
and 15 in the upper arch. Types and distribution of the TDI
are presented in Table 6. Females were more affected
(15.5%) by TDI than males (9.7%) with no statistically signif-
icant difference (p= 0.318).
CP children of the second and third age groups were more
affected by TDI than the CP children of the ﬁrst age group,
as only one child (2.4%) of this age group was affected by
TDI compared to eight (15.4%) and eight (17%) children of
the second and third groups, respectively (p= 0.021). Out
of the 17 CP children affected by TDI, nine (53%) suffered
from spasticity, ﬁve (29.4%) with mixed CP and three
(17.6%) with ataxia. In addition to the 17 children with frac-
tured or missing teeth due to traumatic injuries, four children
were observed to have one of their permanent central incisors
(three upper and one lower) with labial enamel defect resem-
bling Turner’s tooth appearance. Counting these cases as
traumatic injuries will increase the prevalence to 15% affect-
ing 21 children.
4 N.S. Alhammad4. Discussion
In the present study tooth wear, enamel hypoplasia and trau-
matic dental injuries were assessed in CP children of Riyadh
city. The data provided will help in determination of treatment
needs and in the formulation of needed strategies for possible
prevention. In this group of CP children the tooth wear
recorded was below expected, as CP children are known to
have high incidence of tooth wear as a result of high incidence
of bruxism (Rosenbaum et al., 1966; Fishman et al., 1967),
unusual masticatory patterns (Schwartz et al., 2003) and gas-
troesophageal reﬂux (Su et al., 2003).
In the present study, only 9.3% of the examined CP children
had tooth wear, this is lower than the results of tooth wear of CP
children of comparable age reported by Wyne et al. (1996) in
Riyadh, using the same criterion they found approximately
one third of their study sample had tooth wear. Other studies
in different countries have also shown higher incidence of tooth
wear in CP children as compared to the present study (Shaw
et al., 1998; Su et al., 2003; Goncalves et al., 2008; Schwartz
et al., 2003; Carmagnani et al., 2007; Du et al., 2010) however,
comparison between studies should be interpreted with caution
due to the lack of uniformity in diagnostic criteria and age
groups. Tooth wear was affecting primary teeth more than per-
manent, this could be attributed to the lower mineral contents
and less general hardness of the enamel in primary teeth, and
lower exposure period to unusual masticatory patterns and
bruxism in permanent teeth (Wyne et al., 1996). Carmagnani
et al. (2007) reported a higher incidence of toothwear in athetoid
group, which they explained by the presence of involuntary
movements resulting in bruxism, while in the present study the
majority of the children with tooth wear were spastic and none
of the four athetoid children had tooth wear. Pope and Curzon
(1991) reported a greater degree of tooth wear in CP children
than controls for both primary and permanent teeth.
In the present study males were more affected by tooth
wear than females with no signiﬁcant difference. Similar obser-
vation was reported by Goncalves et al. (2008).
In the ﬁrst age group none of the CP children had tooth
wear that was severe enough to expose dentin, while one child
of each of the second and third age groups had tooth wear
exposing dentin. This might be related to the longer exposure
period to the etiological factors as the age increase.
Tooth structure abnormalities result from any disruption
during the tooth development stages. Enamel defects are man-
ifested as hypoplasia or hypocalciﬁcation (Dummett, 2005)
and may be classiﬁed as heritable defects or environmentally
induced defects (Jorgenson and Yost, 1982). In the present
study 25% of the study population had enamel hypoplasia.
Wyne et al. (1996) and Lin et al. (2011) reported a little higher
percentage of enamel hypoplasia in CP children. Du et al.
(2010) found no signiﬁcant difference in the prevalence of
developmental defects of enamel among preschool children
with and without CP, while other studies on normal popula-
tion showed lower occurrence of enamel hypoplasia compared
to CP children (Al-Shammary et al., 1991; Herman and
McDonald, 1963). Localized enamel defects affecting one
tooth (Turner hypoplasia) was recorded in ﬁve of the children,
of which four had localized enamel defects on the labial surface
of their permanent central incisors while the 5th one had one
of the premolars affected.This could be attributed to local trauma or local infection
or over retention of the primary predecessors (Dummett,
2005). Holan et al. (2005) found localized labial surface enamel
defects in 13 teeth of nine individuals of the 68 CP children
examined, which they attributed to luxation injuries of primary
predecessors.
Management of anterior teeth trauma should include emer-
gency treatment, tooth preservation, esthetic restoration and
prevention of future trauma (Tsai, 2004). In the present study
12.1% of the children had traumatized anterior teeth and none
of them received any restorative treatment after the trauma. A
comparable prevalence 18% (Ohito et al., 1992) and 20%
(Santos and Souza, 2009) were reported by previous investiga-
tors. In one study (Santos and Souza, 2009) the TDI in CP
children was compared to those of control group and a higher
prevalence in normal children was reported with no statistical
signiﬁcant difference.
On the other hand a higher prevalence (57%) of TDI in CP
children of a higher age range was reported with an increase of
TDI prevalence with age increase (Holan et al., 2005). Similar
increase was observed in the present study as the prevalence of
TDI increases as the age increases. This might explain the low-
er prevalence recorded in the present study and other studies
(Santos and Souza, 2009; Ohito et al., 1992) as they examined
a lower age range CP children.
The increase of TDI with age increase was attributed to the
child weight, as the child grows older the increased weight
would make injuries more severe (Tsai, 2004). In contrast to
the studies in normal population, in which males are more
affected by TDI than females (Forsberg and Tedestan, 1990;
Rocha and Cardoso, 2001), CP females of the present study
experienced slightly more TDI than males. Similar observation
was reported by other investigators in CP children (Holan
et al., 2005; Santos and Souza, 2009). Holan et al. (2005)
explained this by the difference in activity habits between CP
and healthy individuals and the similarity of lifestyle of CP
children of both genders.
Traumatic injuries of anterior teeth could cause pulpal,
periodontal complications, impair esthetic, phonetic and func-
tional activities. In addition trauma to primary incisors could
cause developmental disturbances of permanent successors.
Upper primary and permanent central incisors were the teeth
most involved in dental trauma in the present study, which
concurs with previous studies ﬁndings (Holan et al., 2005;
Santos and Souza, 2009).
Fracture involving enamel and dentin without pulp involve-
ment was the most frequent type of TDI observed in this study
and previous studies of normal (Marcenes et al., 1999; Rocha
and Cardoso, 2001; Rajab, 2003; Oliveira et al., 2007) and CP
children (Holan et al., 2005; Santos and Souza, 2009).
The prevalence of tooth wear, enamel hypoplasia and
traumatic dental injuries observed in this study calls for more
attention towards the provided dental care for this special
group. Early diagnosis and treatment of tooth wear and
enamel hypoplasia will impact greatly on the prognosis of the
affected teeth. Appropriate prevention therapy should be
provided; stainless steel crown restorations should be preferred
over conventional restorations. Treatment of traumatized teeth
and prevention of future trauma should be of prime importance.
The dental profession should educate the parents, teachers and
care givers in correct emergency care after traumatic injury.
Tooth wear, enamel hypoplasia and traumatic dental injuries among cerebral palsy children of Riyadh city 55. Conclusions
About one in each 10 children examined had tooth wear, while
one quarter of them had enamel hypoplasia. Age and gender
were not correlated to tooth wear or enamel hypoplasia.
More than one tenth of the examined CP children had TDI
with higher incidence in older age group.Acknowledgements
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